Introduction
International Valuation Standards as well as Common General Rules of Valuation (Powszechne Krajowe Zasady Wyceny -PKZW) defi ne three fundamental approaches to real property valuation, i.e. comparative, income and cost approach. In accordance with the International Valuation Standards and Common General Rules of Valuation the market value of real property may be determined using comparative approach or cost approach. The diff erence consists in the interpretation of the value as determined using the cost approach. The Common General Rules of Valuation defi ne the replacement cost, which is one of non-market values. The rules also indicate a possibility of using the replacement cost instead of the market value for properties that, due to their specifi city, are not frequently present on the market and for this reason it is not possible to determine their market value. The International Valuation Standards also indicate to a possibility of determining the market value using the cost approach. Moreover, the experience of other countries (i.a. the USA, Germany) in the scope of real property valuation allows to treat the cost approach as one of valuation approaches leading to market value determination [7, 8] .
The article is an att empt at the analysis of comparative approach results -as the approach most frequently used by property appraisers, and of the statistical modelling based on the assumptions of the cost approach. Diff erent variants of models were presented by the authors in their previous works.
The fi nal part of the article contains the results of calculations and analyses with regard to developed properties with single-family detached houses. As part of the comparative approach property valuation was conducted by means of statistical analysis of the market using the two-dimensional regression method and multi-dimensional regression method. The statistical model construction based on the cost approach to valuation took account of algorithm modifi cation due to the diff erences in price-sett ing att ributes of the real properties from the database and of the valuated property. The results of valuation by means of individual methods were supported by an accuracy analysis, illustrating the confi dence level of the obtained values.
Comparative Approach of Valuation
The basis for using the comparative approach is the possibility of distinguishing a direct relationship between the market value of the valuated property and the prices of comparative properties. The relationship takes account of signifi cant diff erences in the prices of the valuated property and comparative properties. The market value of property should be determined based on the analysis of the relevant market in terms of the location and the type of valuated property. Thus, the basis for applying the comparative approach is the knowledge of a given property market along with transaction prices for similar properties and with the features which signifi cantly infl uence the level of the examined prices.
The method of statistical analysis of the market was selected for the analyses, due to the fact that it is, like cost approach models, based on the complete database of properties to be compared. As part of the statistical analysis of the market the models of two-dimensional regression and multi-dimensional regression were considered.
The two-dimensional regression model is based on the characteristic parameters of random variables, expressed by unit prices of real property and selected property features, i.e. average values in marginal distributions, standard deviations and Pearson's total correlation coeffi cient [5] .
Estimation of unit the market value of property in the two-dimensional regression model is conducted according to the formula:
where: ĉ -average value of transaction unit prices from the database, Δc i -weight coeffi cients of individual property prices, Weight coeffi cients for individual market features are calculated from a relation:
where: σ c -standard deviation of transaction prices from the database, -standard deviation of individual property features from the database, r i -total correlation coeffi cients between i-th feature and property price from the database for comparison, k i -weight shares of individual market prices.
In the multi-dimensional regression model all features and unit prices are considered together as a random multi-dimensional variable. The characteristic parameters of a multi-dimensional random variable are: average values, standard deviations of features and prices in marginal distributions and the correlation matrix, which consists of total correlation coeffi cients for all binary combinations created from property features and prices [5] .
Estimation of the real property unit market value in the multi-dimensional regression is conducted in accordance with the formula:
where: ĉ -average value of transaction unit property prices from the database, Regression coeffi cients b i are determined based on weight coeffi cients β i, which, in turn, are determined based on total correlation coeffi cients given as correlation matrices:
where: det(K ic ) -value of the correlation matrix determinant after replacing the i-th att ribute line with the line including price correlation coeffi cients, det(K cc ) -value of the correlation matrix determinant after deleting the line and column containing price correlation coeffi cients with att ributes.
Cost Approach in the Aspect of Market Value
Estimation of the market value of developed properties in the cost approach was presented as part of papers [2, 4] . As concluded, it is necessary to primarily take into account the value of land and the cost of creating the components as well as, in case of older property elements, the loss of value resulting from property wear and tear. Apart from the indicated factors, the developed properties may diff er in numerous features, which have signifi cant impact on the price or the value of property. The analysed statistical models will also take account of such features, which diff erentiate the prices of developed properties.
The statistical models presented in works [1] [2] [3] [4] assume that the value of real property is a linear function of parameters. Ultimately, the function form of the model, if the value of total wear and tear is determined in the reconstruction cost function, takes the form: 1 1 ...
where: Modifi cation of the above functional form is possible. In case of properties of similar market features resignation from property att ributes is justifi ed. Then, the assumptions of the functional form are based on the land price, the reconstruction cost and the value of total of wear and tear of a building. When the periods of technical use diff er, the degree of total wear and tear may be calculated per the actual use time unit for buildings with similar maintenance or eff ective use time unit for buildings with diff erent maintenance.
As a result of estimation with consideration to the writt en function condition, the model parameters are calculated in accordance with the least squares method -if the number of estimated parameters is less than the number of developed properties of known transaction prices, market features and technical and operational parameters of the property components [6] .
The model parameters estimators may be expressed as the following relation (6):
where: The accuracy analysis of the estimated parameters comes down to calculating the estimated covariance matrix for market indices:
where: [ ] V x -covariance matrix of estimated parameters (market indices of reconstruction cost, total wear and tear and unit price of land), 2 0  -the residual variance estimator.
The market value of a developed property valuated using the proposed model is expressed by the following relation:
In the formula (8) The variance of the estimated market value of property is described by the following relation:
Analysis of Market Values of an Example Property
In order to practically implement the property valuation conducted to calculate its market value in the comparative approach and cost approach, the procedures described in the previous parts have been applied. A database was collected of 13 developed land properties with single-family detached houses from the city of Rzeszów, which were sold between 2011-2013. The real properties from the database were described with price-sett ing att ributes, the reconstruction costs of land constituents were calculated and the degree of total wear and tear was determined. All buildings were made in a similar technology (traditional technology) and at the same time presented a diff erent degree of wear and tear. Table 1 presents the data on 13 developed properties. The values of att ributes location/surroundings and transport accessibility were rescaled to obtain comparable results for the variance-covariance matrix.
Based on the algorithm, using the cost approach, estimation of the parameters was conducted, as well as parameter accuracy assessment (Tab. 2). Table 3 and Figure 1 present the results of valuation of properties in the comparative approach using the two-dimensional regression model and multi-dimensional regression model as well as a statistical model originally developed by the authors with consideration to the cost model. Available market data were used for the calculations in the cost approach, which in accordance with the International Valuation Standards allows us to identify the obtained value with the market value. The calculations in the comparative approach were performed using the formulas presented in the earlier parts of the article. Such parameters as land area, building area, building wear and tear, location/surroundings, and transport accessibility were considered as distinguishing features. Both for the two-dimensional and multi-dimensional regression model it proved that the variability of prices was most greatly infl uenced by the following att ributes: location/surroundings, transport accessibility, and usable area of the building. 
Conclusions
The article indicates that apart from the comparative approach it is possible to apply the cost approach to determine the value, which in accordance with the International Valuation Standards may be identifi ed with the market value. However, modelling with consideration to the assumptions of the cost approach is more labour-intensive than the calculations in the comparative approach, as it requires determination of the cost of components of all properties constituting the valuation basis.
Both in comparative approach and cost approach (with one exception) comparative values of the valuated properties were obtained, i.e. values within standard deviations. For modelling based on the cost approach the obtained standard deviations of the market value were signifi cantly smaller than for the statistical analysis method from the comparative approach. It proves that the cost of reconstruction and total wear and tear of the property components are strong determinants of the market value.
Cost approach may be an alternative for comparative approach when the market value of developed properties is estimated. However, reference to the property market data is necessary, so that the indices estimated in the model are of market type. 
